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httcense.Abstract Purpose: Evaluation of the role of MR Imaging in detection of fetal brain anomalies
versus 2D and 4D Ultrasound examination.
Study design: This study included 23 pregnant females who were suspected to have fetus with con-
genital brain anomalies over a period of one year using ultrasound. MRI was done within one week
following 2D and 4D US examination. The maternal age ranged from 18 to 39 years. The gesta-
tional age ranged from 16 to 36 weeks (mean age = 26 weeks). Antenatal Ultrasound and magnetic
resonance ﬁndings were compared with postnatal MRI ﬁndings.
Results: We reported different types of congenital brain anomalies including eight cases of isolated
central nervous system anomalies. MRI and ultrasound showed concordant ﬁndings in six cases.
MRI changed the diagnosis in 14 cases and provided additional information in two cases. Ultra-
sound was superior to magnetic resonance imaging in one case at second trimester due to fetal
motion.
Conclusion: Our results showed that fetal MR imaging is useful in detection of fetal central nervous
system anomalies as well as a complementary modality to 2D/4D Ultrasound in diagnosis of fetal
central nervous system anomalies.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.331423.
com (M. Hamisa).
tian Society of Radiology and
g by Elsevier
ing by Elsevier B.V. on behalf of E
p://dx.doi.org/10.1016/j.ejrnm.20131. Introduction
Congenital malformation is a stimulating problem for research
study because of the high frequency of its occurrence and the
devastating effect it may have on the individual and his family.
Considerable variations in frequency in different populations
have been reported, from as low as 1.07% in Japan (1) to as
high as 4.3% in Taiwan (2). In Egypt, the following results
have been reported: 1.16% in Alexandria University Hospital
(3), 1.58% in Ain Shams University Hospital (4).gyptian Society of Radiology and Nuclear Medicine.
.05.004
Table 1 Comparative study between 2/4D US and prenatal MR imaging of fetal CNS anomalies.
NO. Maternal
age/years
Fetal
age/weeks
Prenatal US Prenatal MRI Postnatal MRI Postnatal Anomaly Comment
1. 23 21 Ventriculomegaly Ventriculomegaly Ventriculomegaly Ventriculomegaly Same
2. 34 25 Ventriculomegaly Ventriculomegaly Ventriculomegaly Ventriculomegaly Same
3. 25 18 Ventriculomegaly Obstructive hydrocephalus
resulting from
intracranial lesion showing
some cystic changes
Obstructive hydrocephalus
resulting from
intracranial lesion showing
some cystic changes
Obstructive hydrocephalus
resulting
from intracranial
lesion showing some
cystic change
Additional information
by MRI
4. 29 32 Mild ventriculomegaly Mild ventriculomegaly Normal Normal Change
5. 35 33 Giant cisterna magna Giant cisterna magna Giant cisterna magna Giant cisterna magna Same
6. 19 21 Missed Giant cisterna magna Giant cisterna magna Giant cisterna magna Missed by US, but
diagnosed by MRI
7. 18 17 Missed Giant cisterna magna Giant cisterna magna Giant cisterna magna Missed by US, but
diagnosed by MRI
8. 37 28 Missed Hydrencephaly MRI, was not done due to
termination of
pregnancy ,autopsy
Hydrencephaly Missed by US, but
diagnosed by MRI
9. 27 23 Hydrocephalus Hydrencephaly MRI, was not done due to
termination
of pregnancy
Hydrencephaly Missed by US, but
diagnosed by MRI
10. 39 36 Missed Hydrencephaly MRI, was not done due to
termination
of pregnancy
Hydrencephaly Missed by US, but
diagnosed by MRI
11. 25 32 Acrania Acrania MRI, was not done due to
termination
of pregnancy
Acrania Same
12. 30 26 Anencephaly Anencephaly MRI, was not done due to
termination
of pregnancy
Anencephaly Same
13. 32 16 Anencephaly Missed MRI, was not done due to
termination
of pregnancy
Anencephaly Missed by prenatal MRi
14. 31 22 Enlarged cisterna magna
and ventriculomegaly
Dandy walker Dandy walker Dandy walker Change
15. 27 26 Enlarged cisterna magna Dandy walker Dandy walker Dandy walker Change of diagnosis
16. 33 32 Cystic lesion in the posterior
fossa
Dandy walker Dandy walker Dandy walker Change of diagnosis
17. 35 36 Hydrocephalus Large arachnoid cyst Large arachnoid cyst Large arachnoid cyst Change of diagnosis
18. 19 30 Hydrocephalus Agenesis of the Corpus
callosum Large arachnoid cyst
Agenesis of the Corpus callosum
Large arachnoid cyst
Large arachnoid cyst Change of diagnosis
19. 26 28 Holoprosencephaly Large arachnoid cyst Large arachnoid cyst Large arachnoid cyst Change of diagnosis
20. 29 35 Intraventricular cyst Agenesis of the Corpus
callosum Porencephalic cyst
Agenesis of the Corpus callosum
Porencephalic cyst
Agenesis of the Corpus
callosum
Porencephalic cyst
Additional information
21. 30 29 Hydrocephalus Interhemispheric cyst Interhemispheric cyst Interhemispheric cyst Change of diagnosis
22. 35 34 Holoprosencephaly Holoprosencephaly Termination of pregnancy Holoprosencephaly Same diagnosis
23. 24 19 Hydrocephalus Holoprosencephaly Termination of pregnancy Holoprosencephaly Change of diagnosis
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Magnetic resonance imaging versus Ultrasound examination in detection of prenatal fetal brain anomalies 667A study conducted in Giza, Egypt on 3,000 live and still-
birth babies, showed that 3.17% (95 babies) had congenital
anomalies, the commonest being CNS anomalies constituting
about 1/3 of all malformations (5). Central nervous system
abnormalities affect approximately 6,000 neonates each year
in the USA (6).
Prenatal diagnosis of congenital anomalies is a difﬁcult
problem to which ultrasound has made substantial contribu-
tions. The availability of a relatively safe, independent tech-
nique would represent a welcome clinical and research
alternative in the evaluation of fetal abnormalities (7).
Ultrasound is the primary modality used to assess the fetus.
This examination by a skilled operator, in most cases, provides
adequate information regarding fetal morphology, its environ-
ment, and its well-being. The quality of Ultrasound however, is
adversely affected by factors such as maternal obesity, unfa-
vorable fetal position, multiple gestations, decreased amniotic
ﬂuid or the near-ﬁeld reverberation artifact (8).
The abnormalities detected on Ultrasound may at times be
very subtle or inconclusive. In such cases, several studies have
shown that MRI is a helpful modality (7,9,10).
Magnetic resonance imaging (MRI), provides a highly
accurate depiction of the morphological changes of develop-
ment in the normal brain and in fetal brain disorders. Thus,
MRI can provide improved anatomical resolution. Another
advantage of MRI is that intracranial brain imaging is not im-
pacted by the calvaria, which allows clear identiﬁcation of the
cortex and subarachnoid space (11,12).
This study, describes the ideal timing of the MRI examina-
tion, safety issues, technique and various indications illustrated
and explained by typical examples and cases.
Moreover, prenatal US has a limited speciﬁcity in diagnosis
of fetal anomalies. For example, ventriculomegaly is a com-
mon end point for various pathologic processes including
hydrocephalus, cerebral dysgenesis, and atrophy or encephalo-
malacia. Differential diagnosis in such cases is important
(13,14).
The potential application of MRI as an alternative to
Ultrasound has its advantages and limitations (15). Fetal mo-
tion was a limiting factor in early studies however; the fast
MRI sequences can obtain images in just 430 ms and subse-Table 2 Comparison between 2D/4D US and prenatal MRI in det
Postnatal anomalies (N= 23)
(Postnatal MRI (n= 17) & autopsy (n
+VE +VE %
2D-4D prenatal US 7 30.4%
MRI prenatal 21 91.3%
P P> 0.0001
Table 3 Sensitivity, speciﬁcity, positive predictive value and negativ
congenital CNS anomalies.
Sensitivity (%) Sp
2n4D prenatal US 30 99
MRI prenatal 91 10quently can obtain images required for diagnosis. Real time
MRI allows almost continuous imaging of the moving fetus
(15,16).
MRI is a useful supplement to Ultrasound for the assess-
ment of fetal brain malformations. Superior soft tissue con-
trast and the ability to depict sulcation and myelination are
the strengths of MRI. Subtle or inconclusive Ultrasound
abnormalities can be conﬁrmed or ruled out by MRI. In some
cases, additional ﬁndings detected with MRI often help in
arriving at a deﬁnitive diagnosis, which is necessary for paren-
tal counseling and for guiding management. Fast T2W se-
quences form the basis of fetal MRI. There have been no
reports of deleterious effects of MRI on the fetus (8).
2. Materials and methods
This study had been carried out over a period of one year
duration (from April/2010 to April/2011) between Radio diag-
nosis and Obstetrics and Gynecology departments, Tanta Uni-
versity, Egypt.
One thousand hundred ﬁve pregnant women were enrolled
in the study; only Twenty-three pregnant women were referred
from the obstetrics and Gynecology Department suspected to
have fetal CNS anomalies. All cases were examined by 2D and
4D ultrasound and underwent MR imaging within one week.
The mean fetal gestational age was 26 ± 10 weeks (ranged
from 16 to 36 weeks). Results were reviewed and compared
by two radiologists.
Postnatal physical examination and postnatal MR imaging
results were the gold standard for the evaluation of the accu-
racy of either modality.
2.1. Inclusion criteria
All pregnant women suspected by 2D and 4D ultrasound to
have fetal CNS anomalies.
2.2. Exclusion criteria
Patients contraindicated for MRI examination (cardiac
pacemaker).ection of prenatal congenital CNS anomalies.
Total
= 6)
VE VE %
16 69.6% 23
2 8.7% 23
p> 0.0001
e predictive value for 2/4D U/S and MRI in detection of prenatal
eciﬁcity (%) PPV (%) NPV (%)
.8 87.5 98.4
0 100 100
668 M. Hamisa et al.2.3. Patients underwent the following
1– Thorough medical history taking.
2– Full clinical examination.
3– Two dimension and four dimension ultrasound exami-
nation done using sonoline-Antares machine (Siemens)
using probe C5 (obstetric probe & CX 5-2 4D probe).
4– Prenatal MR imaging was performed using 1.5 Tesla
machine (General Electric, High speed Signa) without
maternal sedation. Mothers fasted 4 h before the exami-
nation to reduce bowel peristalsis and to reduce post-
prandial fetal motion. They were asked to empty the
urinary bladder prior to the examination. They were
made to lie supine during the examination. They were(a)
(b)
Fig. 1 Case (1) diagnosed by ultrasonography (a) just hydrocephal
supratentorial ventricular system with direct communication of 4th ven
change.also examined in the left lateral decubitus position in
some cases when the examination was uncomfortable
for them. MR imaging was primarily performed, using
initial three plane localizer with single shot fast spin echo
(TR 4960-TE 100 band width 50) to visualize the position
of the fetus. Then neuroimaging examination was done
for fetal brain imaging (axial, sagittal and coronal plane).
Fetuses were imaged with FIESTA and Single Shot Fast
Spin Echo T2 weighted sequence (TR 4475, TE 102, band
width 31, freq 384 and phase 320) T1 weighted sequence (TR
550, TE 10, band width 28, freq 320 and phase 224). Ventricu-
lomegaly on fetal MRI was deﬁned if the size of the atrium of
the lateral ventricle exceeds 10 mm.(c)
ic changes MRI (axial (b) and sagittal (c) cuts) show dilation of
tricle with retro cerebellar CSF space and both cerebellar atrophic
(a)
(b)
(c)
Fig. 2 Both 2D (a) & 4D (b) US and MRI (c and d) axial cut (e)
sagittal cut show anencephaly with no skull vault seen.
(d)
(e)
Fig. 2 continued
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and autopsy done in six cases.
3. Results
In this study we reported different types of brain congenital
anomalies. MRI and ultrasound showed concordant ﬁndings
in six cases. MRI changed the diagnosis in 14 cases andprovided additional information in two cases. Ultrasound was
superior to magnetic resonance imaging in one case. (Table 1)
From the four cases of ventriculomegaly diagnosed by
Ultrasound we got additional information, in one case, by
MRI in degree and cause of ventriculomegaly. In this case, pre-
natal MRI showed obstructive hydrocephalus resulting from
intracranial cystic lesion. This was conﬁrmed by post natal
MRI. This additional information was important in manage-
ment plan and prognosis of the fetus. Postnatal surgical inter-
ference was performed.
Ultrasound was superior to MRI in early diagnosis of anen-
cephaly as we performed MRI for two cases of anencephaly
and one case of acrania (exocephaly) diagnosed by Ultrasound
between 16 and 32 weeks of gestation. Prenatal MRI was able
to diagnose two of the three cases and the diagnosis in the
third case was not conﬁrmed till 20 weeks of gestation.
(a)
(b)
(c)
Fig. 3 US (a) show cystic changes of the brain with slight
turbidity, diagnosed as marked hydrocephalic changes n MRI (b
and c) show normal size ventricular system with complete damage
of the brain mantle and replaced by turbed cystic ﬂuid, falx is seen
———diagnosed as hydrencephaly.
(a)
(b)
(c)
Fig. 4 US (2D) (a and b) diagnosed as asymmetry dilation of the
supra tentorial ventricular system MRI (c–e) show large intra-
hemispheric cyst communicate with left lateral ventricle.
670 M. Hamisa et al.In this study, we got three cases of Giant cisterna magna
based on Prenatal MRI. The ﬁrst case was suspected by Ultra-
sound and the other two cases were not detected by Ultra-
sound and were referred to do MRI because of othersuspected anomalies in the GIT and the Thorax. The three
cases of Giant cisterna magna were conﬁrmed by postnatal
MRI.
MRI was also able to diagnose hydrencephaly, an anomaly
which could not be detected by Ultrasound in this study. In
one of these cases, the mother underwent MRI upon her re-
quest because of positive family history of congenital anoma-
lies. The second case underwent MRI for assessment of
complex ovarian mass during pregnancy and hydrencephaly
(d)
(e)
Fig. 4 continued
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diagnosed as hydrocephalus.
In this study MRI changed the diagnosis in three cases. The
ﬁrst two cases were referred for MRI because of Ultrasound
ﬁndings of enlarged cisterna magna and ventriculomegaly,
and cystic lesion in the posterior fossa in the other case. The
three cases were diagnosed as Dandy walker on Prenatal
MRI and conﬁrmed later by postnatal MRI.
In this study, we got three cases of arachnoid cyst by prena-
tal MRI however, prenatal Ultrasound diagnosed two cases as
hydrocephalic changes and one as holoprosencephaly.
Moreover, two cases were diagnosed by prenatal US as
intraventricular cyst. The diagnosis on prenatal MRI was a
large interhemispheric cyst and agenesis of the Corpus callo-
sum in one case and large porencephalic cyst in the other case.
The diagnoses were conﬁrmed by Postnatal MRI.The anomaly of holoprosencephaly was detected twice in
our study on prenatal MRI. The diagnosis was concordant
by both Ultrasound and prenatal MRI in one case while in
the second case, the Ultrasound diagnosis was hydrocephalus.
Holoprosencephaly was conﬁrmed by Postnatal MRI.
In Table 2: seven of 23 cases were diagnosed by 2D and 4D
US (about 30.7%) while MRI provided additional information
and conﬁrmed diagnosis in 21 of 23 cases (91.3%;
P> 0.0001), 2D and 4D US failed to diagnose 16 cases
(69.3%) while MRI failed in two cases (8.7%-P> 0.0001).
In this study 2/4D US showed sensitivity, speciﬁcity, PPV
and NPV (30%, 99.8%, 87% and 98.4%, respectively) while,
MRI showed sensitivity 91% and 100% for speciﬁcity, PPV
and NPV (Table 3) (Figs. 1–4).
4. Discussion
Prenatal 2D/4D Ultrasound is an effective modality in detec-
tion of CNS anomalies and their management. However,
Ultrasound evaluation of the fetal central nervous system is
limited by the non speciﬁc ultrasound appearance of some
anomalies and technical factors that make visualization of
the brain near the transducer difﬁcult (7).
Alternative imaging modality is needed in cases in which
ultrasound diagnosis is difﬁcult e.g. holoprosencephaly (17).
Fetal MRI can provide useful information that ultrasound
cannot provide for making therapeutic plan (17).
The effectiveness of fetal MRI as an optional modality for
detecting fetal abnormalities, which was well known, was reaf-
ﬁrmed by this study.
In our study 6 out of 23 cases of fetal brain anomalies were
conﬁrmed by both ultrasound and prenatal MRI. The ﬁnal
diagnosis was changed after fetal MRI in 14 cases. Moreover
in two cases MRI provided additional information to that ob-
tained by Ultrasound examination.
Our study coincided with Yong seak et al. (17) that fetal
MRI has an advantage over Ultrasound in evaluation and
detection of posterior fossa abnormalities, causes of ventricu-
lomegaly, intracranial abnormalities and brain atrophy, this
was also conﬁrmed by Blaicher et al. (18).
In our study, the fetuses with callosal anomalies were not
diagnosed on ultrasound and were diagnosed as abnormal con-
ﬁguration of both lateral ventricles, while withMR imaging, cal-
losal anomalies can be diagnosed clearly as the corpus callosum
can be seen directly. These ﬁndings coincide withKier et al. (19).
In our study, fetal MRI was helpful in evaluating abnormal-
ities of the posterior fossa which includes dandy walker and
Giant cisternamagnawhich are difﬁcult to be diagnosed by ultra-
sound alone and this was in agreement with other studies (20,24).
Although US provides abundant information in evaluating
fetal structure abnormalities and fetal well being, US ﬁndings
are occasionally inconclusive or insufﬁcient for choosing proper
management and prenatal counseling. In these cases alternative
imaging with MRI can be helpful. MR imaging most likely can
be useful as a secondary technique to conﬁrm fetal abnormali-
ties. Advantage of MR includes multiplanar tissue contrast
and a large ﬁeld of view. Disadvantage includes expense and
long imaging times. This was agreed by Robert et al. (25,26).
Also with MRI, visualization of the fetuses has been limited
by fetal motion and these were clear in cases of anencephaly
which was failed to be diagnosed by MRI in our study in
672 M. Hamisa et al.one case due to fast fetal movements and early gestational age.
This was conﬁrmed in other studies (27,29). The case of late
pregnancy and relative decrease in AF amount with a decrease
of fetal movements and motion artifact will improve fetal visu-
alization, this coincides with other studies (30,31).
Lastly in this study we suggest that fetal MRI is useful for
the evaluation of intracranial abnormalities especially when
ultrasound questionable anomalies are seen or when an abnor-
mality is deﬁnite but the exact diagnosis was uncertain.
Fetal MRI can conﬁrm suspicious ultrasound ﬁndings and
thus add conﬁdence in a particular prenatal diagnosis before per-
forming invasive and interventional procedures. The ultrasound
can evaluate very small structures that complement the lower res-
olutionof fetalMR images,whereas the ability ofMRtovisualize
the whole fetus improves limited ultrasound views (32).
Although 2D and 4D US are able to detect many kinds of
fetal brain malformation, some studies (33) have shown that
2D and 4D ultrasound detection rates of fetal brain anomalies
are only about 40–50% which coincide with our data. There-
fore the adjunctive use of MRI will increase the detection rate
and quality assessment of fetal brain anomalies.
In vivo fetal MRI is the accurate adjunct tool to ultrasound to
characterize brain malformation, to identify different causes respon-
sible for brain damage, and to documentmechanisms responsible for
brain injury and their consequences on the developing brain (34).5. Conclusion
Our results showed that fetal MR imaging is a useful modality
in detection of fetal central nervous system anomalies as well
as complementary modality to 2D/4D US in diagnosing fetal
abnormalities in which US ﬁndings are inconclusive.References
(1) Imaizumi Y, Yamamura H, Nisikawa M, et al. The prevalence at
birth of congenital malformations at a maternity hospital in
Osaka City, 1948–1990. Jinrui Idengaku Zasshi 1991;36:275–87.
(2) Chen CJ. Perinatal mortality and prevalence of major congenital
malformations of twins in Taipei city Taiwan. Acta Genet Med
Gemellol (Roma) 1992;41(2–3):197–203.
(3) Stevenson AC. Congenital malformations. A report of a series of
consecutive births in 24 centers. Bull World Health Organ
1966;34(suppl):1–127.
(4) Karim Ml. Congenital foetal malformations in U.A.R.. Ain
Shams Med J 1970;21:527–33.
(5) Temtamy SA, Abdel Meguid N, Mazen I, Ismail SR, Kassem NS,
Bassiouni R. A genetic epidemiological study of malformations at
birth in Egypt. East Mediterr Health J 1998;4:252–9.
(6) Carrasco C, Stierman E, Hamsberger H, Lee T. An algorithm for
prenatal US diagnosis of congenital CNS abnormalities. J
Ultrasound Med 1985;4:163.
(7) Levine D, Barnes D, Madsen JR, Li W, Edelman RR. Fetal
central nervous system anomalies: MR imaging augments sono-
graphic diagnosis. Radiology 1997;204:35–64.
(8) Ganesh Rao B, Ramamurthy BS. MRI of the fetal brain. Indian J
Radiol Imaging 2009;19(1):69–74.(9) Coakley FV, Glenn OA, Qayyum A, Barkovich AJ, Golstein R,
Filly RA, et al. Fetal MRI: a developing technique for the
developing patient. AJR Am J Roentgenol 2004;182(242–53):55.
(10) Twickler DM, Magee KP, Caire J, Zaretsky M, Fleckenstein JL,
Ramus RM. Second-opinion magnetic resonance imaging for
suspected fetal central nervous system abnormalities. Am J Obstet
Gynecol 2003;188:492–6.
(11) Fogliarini C, Chaumoitre K, Chapon F, et al. Assessment of
cortical maturation with prenatal MRI. PartI: normal cortical
maturation. Eur Radiol 2005;15:1671–85.
(12) Nadine G, Kathia Ch, Sylvianne C, et al. Magnetic resonance
imaging and the detection of fetal brain anomalies, injury, and
physiologic adaptations.CurrOpinObstetGynecol 2006;18:164–76.
(13) Drugan A, Krause B, Canady A, Zador I, Sacks A, Evans M. The
natural history of prenatally diagnosed cerebral ventriculomegaly.
JAMA 1989;261:1785–8.
(14) Nicolaides K, Berry S, Snijders R, Throrpe-Besston J, Gosden C.
Fetal lateral cerebral ventriculomegaly: associated malformations
and chromosomal defects. Fetal Diagn Ther 1990;5:5–14.
(15) Mc Carthy SM, Filly RA, Stark DD, Callen PW, Golbus MS,
Hricak H. Magnetic resonance imaging of fetal anomalies in
utero: early experience. AJR 1985;145:677–82.
(16) Levin D, Hatbu H, Gaa J, Atkinson M, Edelman R. Fetal
anatomy revealed with fast MR sequences. AJR 1996;167:905–8.
(17) Sohn Yong-Seok, Kim Myung-Joon, Kwon Ja-Young, Kim
Young-Han, Park Young-Won. The usefulness of fetal MRI for
prenatal diagnosis. Yonsei Med J 2007;48(4):671–7.
(18) Blaicher W, Prayer D, Bernaschek G. Magnetic resonance
imaging and ultrasound in the assessment of the fetal central
nervous system. J Perinat Med 2003;31:459–68.
(19) Kier E, Truwit C. The normal and abnormal genu of the corpus
callosum: an evolutionary, embryological, anatomic and MR
analysis. AJNR 1996;17:1631–41.
(20) Glenin OritA. MR imaging of the fetal brain. Pediatr Radiol
2010;40:68–81.
(24) Limperopoules C, Robertson RL, Khwaja OS. How accurately
does current fetal imaging identifying posterior fossa anomalies?
AJR 2008;190:1637–43.
(25) Robert CB, Patrick MC, Lawrence DP, Philip WR. MR imaging
of fetal anomalies. AJR 1991;156:1205–7.
(26) Wiliamson RA, Weiner CP, Yuh WTC, Abu-Yousef MM.
Magnetic resonance imaging of anomalous fetuses. Obstet Gyne-
col 1989;73:952–6.
(27) Stark D, Mc Carthy S, Filly R, Parer J, Hricak H, Callen P.
Pelvimetry by magnetic resonance imaging. AJR
1985;144:947–50.
(29) Weinreb JC, Lowe TW, Santos-Ramos R, Cunningham FG,
Parkey R. Magnetic resonance imaging in obstetric diagnosis.
Radiology 1985;154:157–61.
(30) Smith F, Adam A, Philips W. NMR-imaging in pregnancy.
Lancet 1983;1:61–2.
(31) Thickman D, Mintz M, Mennuti M, Kressel H. MR imaging of
cerebral abnormalities in utero. J comput Assit Tomogr
1984;8:1055–61.
(32) Denise P. Fetal MRI the Sonographer;s view. Top Magn Reson
Imaging 2011;22(3):91–9.
(33) Basguil Alin, Koavok Zahra. Evaluation of foetal anomalies by
two and three dimensional US. Gynacol perinatal
2007;16(2):62–7.
(34) Nadine J, Girard MD. Magnetic resonance imaging of fetal
developmental anomalies. Top Magn Reson Imaging
2011;22(1):11–23.
